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(54) A stent assembly 

(57) A stent assembly comprises a stent whose con- 
figuration can change between a transversely com- 
pressed state for delivery into a lumen in a human or 
animal body, and a relaxed state in which in use the stent 
contacts the lumen to support it. The stent is positioned 



in a delivery device and constrained by it in its trans- 
versely compressed state. The delivery device compris- 
es a tubular member formed from a shape memory alloy 
and can be fitted to or within a catheter for delivery of 
the stent through a lumen. 
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Description 

This invention relates to a stent assembly which 
comprises a stent and a delivery device for the stent, to 
a catheter assembly which includes the stent assembly, 
and to a method of disposing a stent in a lumen in a 
human or animal body. 

Stents are used in lumens in a human or animal 
body, including for example blood vessels, bile ducts, 
urinary tracts and so on. When properly positioned in a 
lumen, a stent can contact the wall of the lumen to sup- 
port it or to force the wall outwardly. 

Stents can be made from a material which enables 
the stent to be compressed transversely elastically so 
that they can then recover outwardly when the com- 
pressing force is removed, into contact with the wall of 
the lumen. Such stents are often referred to as "self- 
expanding stents". The enhanced elastic properties 
available from shape memory alloys as a result of a 
transformation between martensite and austenite phas- 
es of the alloys make them particularly well suited to this 
application. The nature of the superelastic transforma- 
tions of shape memory alloys is discussed in "Engineer- 
ing Aspects of Shape Memory Alloys", T W Duerig et al, 
on page 370, Butterworth-Heinemann (1990). Subject 
matter disclosed in that document is incorporated in this 
specification by this reference to the document. A prin- 
cipal characteristic of shape memory alloys involves an 
initial increase in strain, approximately linearly with 
stress. This behaviour is reversible, and corresponds to 
conventional elastic deformation. Subsequent increas- 
es in strain are accompanied by little or no increase in 
stress, over a limited range of strain to the end of the 
"loading plateau". The loading plateau stress is defined 
by the inflection point on the stress/strain graph. Sub- 
sequent increases in strain are accompanied by in- 
creases in stress. On unloading, there is a decline in 
stress with reducing strain to the start of the "unloading 
plateau" evidenced by the existence of an inflection 
point along which stress changes little with reducing 
strain. At the end of the unloading plateau, stress reduc- 
es with reducing strain. The unloading plateau stress is 
also defined by the inflection point on the stress/strain 
graph. Any residual strain after unloading to zero stress 
is the permanent set of the sample. Characteristics of 
this deformation, the loading plateau, the unloading pla- 
teau, the elastic modulus, the plateau length and the 
permanent set (defined with respect to a specific total 
deformation) are established, and are defined in, for ex- 
ample, "Engineering Aspects of Shape Memory Alloys", 
on page 376. 

Non-linear superelastic properties can be intro- 
duced in a shape memory alloy by a process which in- 
volves cold working the alloy for example by a process 
that involves pressing, swaging or drawing. The cold 
working step is followed by an annealing step while the 
component is restrained in the configuration, resulting 
from the cold working step at a temperature that is suf- 



ficiently high to cause dislocations introduced by the 
cold working to combine and dislocations to align. This 
can ensure that the deformation introduced by the cold 
work is retained. 

5 The properties of shape memory alloys can also in- 
volve thermally induced changes in configuration in 
which an article is first deformed from a heat-stable con- 
figuration to a heat-unstable configuration while the al- 
loy is in its martensite phase. Subsequent exposure to 

10 increased temperature results in a change in configura- 
tion from the heat-unstable configuration towards the 
original heat-stable configuration as the alloy reverts 
from its martensite phase to its austenite phase. It is 
known from US-51 97978 to make use of the thermally 

15 induced change in configuration of an article made from 
a shape memory alloy in a stent. 

Stents can also be made from materials that do not 
exhibit the shape memory properties of shape memory 
alloys. Examples include certain stainless steels. 

20 Self-expanding stents are commonly delivered to a 
desired location in a lumen using a catheter, in which 
the stent is constrained in a transversely compressed 
configuration, from which it can expand when released 
from the catheter to contact the wall of the lumen. Cath- 

2S eters formed from polymeric material are commonly 
used, for example because of their flexibility which fa- 
cilitates steering the catheter through a lumen, and also 
for reasons of cost. It has been found in certain circum- 
stances that a stent constrained within a catheter 

30 formed from a soft polymeric material can become em- 
bedded in the internal wall of the catheter due to elastic 
forces exerted by the stent as it attempts to expand, to 
an extent which can make it difficult to discharge the 
stent from the catheter. A stent constraint which is 

35 formed from a polymeric material, and which has the 
physical characteristics appropriate to constrain the 
stent, will generally have a large wall thickness, making 
it inflexible and bulky. 

The present invention provides a stent assembly 

40 which includes a tubular delivery device formed from a 
shape memory alloy in which the stent can be located, 
the wall of the delivery device being configured to facil- 
itate flexing of the tube in bending deformation. 

Accordingly, in one aspect, the invention provides 

45 a stent assembly which comprises: 

(a) a stent whose configuration can change be- 
tween a transversely compressed state for delivery 
into a lumen in a human or animal body, and a re- 

so laxed state in which in use the stent contacts the 
lumen to support it, and 

(b) a delivery device which can be fitted to or within 
a catheter for delivery of the stent through a lumen, 

55 which comprises a tubular member formed from a 
shape memory alloy, the stent being positioned in 
the delivery device and constrained by it in its trans- 
versely compressed state. 
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In another aspect, the invention provides a method 
of disposing a stent in a lumen in a human or animal 
body, which comprises: 

(a) transversely compressing the stent, 

(b) locating the stent in a delivery device which com- 
prises a tubular member formed from a shape mem- 
ory alloy, the stent being positioned in the delivery 
device and constrained by it in its transversely com- 
pressed state, 

(c) moving the delivery device with the stent con- 
tained within it to a desired location in the human or 
animal body by means of an elongate member hav- 
ing distal and proximal ends, the delivery device 
and stent being fitted to or contained in the elongate 
member at or towards the distal end thereof, and 

(d) discharging the stent from within the delivery de- 
vice. 

The present invention provides a construction in 
which a stent can be constrained in a transversely com- 
pressed configuration for delivery in a lumen by means 
of an elongate member, especially a hollow member 
such as a catheter. A suitable catheter might be formed 
from, for example, a polymeric material, which might be 
deformed by the stent if located directly in the stent and 
constrained by contact with the inner wall of the catheter. 
This facilitates discharge of the stent from the catheter. 
The delivery device should have sufficient radial stiff- 
ness to be able to withstand forces exerted by the stent 
as it attempts to recover outwardly, from its compressed 
configuration towards its relaxed configuration. 

The stent can be discharged from the delivery de- 
vice either by advancing the stent forward with respect 
to the delivery device, or by withdrawing the delivery de- 
vice from the site at which the stent is to be deployed 
and with respect to the stent. 

The constraint provided according to the present in- 
vention has the advantage of being thin-walled and flex- 
ible in bending, while also having sufficient radial stiff- 
ness to be able to withstand the forces exerted by the 
stent as it attempts to recover outwardly, even when 
these forces are applied over a long period of time at 
temperatures above body temperature. 

Preferably, the stent is formed from a shape mem- 
ory alloy. Preferably, the shape memory alloy has been 
treated so that it is superelastic. The superelastic prop- 
erties are employed by the stent in its change of config- 
uration between compressed and relaxed states. An ap- 
propriate treatment can involve a combination of cold 
working (for example by swaging, drawing or, in partic- 
ular by mandrel expansion) and heat treatment at a tem- 
perature that is less than the recrystallisation tempera- 
ture of the alloy while the stent is constrained in the con- 
figuration resulting from the cold work. A plurality of the 



cold work and heat treatment steps can be used. The 
stent can then be deformed towards the configuration 
of the stent in its compressed state, the deformation be- 
ing recoverable, substantially elastically. In this way, de- 

5 formations of upto 8% strain can be imparted and recov- 
ered substantially elastically. 

Preferably, the shape memory alloy of the delivery 
device has been treated so that it is superelastic. The 
superelastic properties are employed by the delivery de- 

10 vice during changes of configuration as it and the stent 
are delivered to a desired location in a lumen. The 
changes in configuration might involve for example 
transverse compression or bending or both. As with the 
alloy of the stent, an appropriate treatment for the alloy 

15 of the delivery device can involve a combination of cold 
working (for example by swaging, drawing or, in partic- 
ular by mandrel expansion) and heat treatment at a tem- 
perature that is less than the recrystallisation tempera- 
ture of the alloy while the stent is constrained in the con- 

20 figuration resulting from the cold work. A plurality of the 
cold work and heat treatment steps can be used. The 
stent can then be deformed during delivery, the defor- 
mation being recoverable, and substantially elastic. In 
this way, deformations of upto 8% strain can be imparted 

25 and recovered substantially elastically. 

Alloys from which the stent or the delivery device or 
both can be made include Ni-Ti based alloys, especially 
Ni-Ti binary alloys such as those in which the nickel con- 
tent is at least about 50 at.%, preferably at least about 

30 50.5 at.%. The nickel content will usefully be less than 
about 54 at.%, preferably less than about 52 at.%. The 
method can also be performed on other Ni-Ti based al- 
loys, including alloys with ternary and quaternary addi- 
tions. Examples of elements that can be incorporated in 

35 the alloy include Fe, Co, Cr, Al, Cu and V. Added ele- 
ments can be present in amounts upto about 10 at.%, 
preferably upto about .5 at.%. 

When the stent is formed from a shape memory al- 
loy, the alloys of the stent and of the delivery device are 

40 preferably selected so that the difference between their 
A f temperatures (the temperatures at which the trans- 
formations from martensite to austenite phase are com- 
plete) is less than about 40°C. In this way, the variation 
in flexibility of the stent and the delivery device with tem- 

45 peraturecan both be appropriate for delivery into a body 
lumen. 

Preferably, the wall of the delivery device is config- 
ured to facilitate flexing of the tubular member in bend- 
ing deformation. For example, at least one slot might be 

so formed in the tubular member of the delivery device, ex- 
tending part way around the device. The slot or slots can 
be circumferential, lying in a plane that is substantially 
perpendicular to the axis of the device. The slot or slots 
can be lie at an angle to that plane. Non-straight slots 

55 can be included; for example, one, some or all of the 
slots might have a chevron configuration. 

The slots can extend through an arc of at least about 
150° or more. Other configurations might be used, for 
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example with slots extending through an angle of at 
least about 75°, or at least about 90°, or preferably at 
least about 120°. The slots might not extend through 
more than about 280° , preferably not more than about 
240°, more preferably not more than about 170°, for ex- 
ample not more than about 1 50°. Preferably, a series of • 
such slots is provided in the wall of the tubular member. 
When there are several slots in the wall of the tubular 
member, they will preferably be offset circumferentially 
with respect to one another, especially when the slots 
are relatively short. For example, one of the slots might 
be offset by about 90° with respect to its adjacent slot. 
Preferably, the arrangement of slots along the delivery 
device is arranged in a substantially regular pattern, for 
example alternating with the non-broken section of the 
wall of the tubular member at 0° and 90°. The slots might 
however be arranged in another pattern, for example 
adjacent slots being offset by less than about 90° along 
the device. 

The tubular member of the delivery device might 
have at least one helical slot formed in its wall, extending 
along the device. A plurality of slots might be formed in 
the wall of the tubular member, for example in axially 
separated sections of the member, or overlapping in a 
section of the tubular member but radially offset relative 
to one another. 

Preferably, the tubular member of the delivery de- 
vice can have a closed cross-section, at least over a por- 
tion of its length. The closed cross-section may be one 
that is taken perpendicular to the axis of the assembly 
or, in some constructions, at an angle other than 90° to 
that axis. More preferably, the tubular member is formed 
from an article which has a closed cross-section over its 
entire length so that it is a tube. This has the advantage 
of ease of controlled manufacture with desired physical 
characteristics. An alternative construction of device in- 
volve formation from a sheet, for example by rolling it to 
form the tubular member. 

Preferably, the delivery device is longer than the 
stent that is to be delivered by it. Preferably, the differ- 
ence in length between the stent and the delivery device 
is at least about 2 mm, more preferably at least about 4 
mm, especially at least about 6 mm. Preferably, the dif- 
ference is not more than about 15 mm, more preferably 
not more than about 10 mm. Preferably, the ratio of the 
length of the delivery device to that of the stent is not 
more than about 1.5, more preferably not more than 
about 1.2. 

Preferably, the stent assembly includes means for 
facilitating release of the stent from within the delivery 
device. For example, one of the contacting surfaces of 
the stent and the delivery device might be coated with 
a material which reduces friction effects between those 
surfaces. 

Preferably, the wall thickness of the stent is not 
more than about 1 mm, more preferably not more than 
about 0.5 mm, especially not more than about 0.3 mm. 
Preferably, the wall thickness is at least about 0.1 mm, 



more preferably at least about 0.2 mm. 

Preferably, the maximum transverse dimension 
(which will be its diameter when the stent is in its relaxed 
configuration) of the stent (which will be its diameter 

s when the stent has a circular cross-section) is not more 
than about 1 5 mm, more preferably not more than about 
5 mm. Preferably, its minimum transverse dimension is 
at least about 0.5 mm, more preferably at least about 1 
mm. It will be understood that these are the dimensions 

10 of the stent prior to any subsequent expansion steps that 
might be used when the stent is formed from a shape 
memory alloy which is to be expanded as part of its treat- 
ment. 

The configuration of the delivery device will be se- 

15 lected so that it can properly contain the stent, and with- 
stand forces exerted by the stent prior to discharge from 
the device, such as for example the elastic recovery 
forces against which the stent is held under constraint. 
Preferably, the delivery device has the minimum wall 

20 thickness necessary to satisfy these criteria. 

In a further aspect, the invention provides a catheter 
assembly for delivering a stent through a lumen in a hu- 
man or animal body, which comprises a catheter having 
a distal end and a proximal end, and a stent assembly 

25 as discussed above that is fitted to or within the catheter 
towards the distal end thereof. 

The stent assembly can be fitted within the bore of 
the catheter, with the end of the stent assembly substan- 
tially flush with the end of the catheter or recessed from 

30 that end. The stent assembly can extend beyond the 
end of the catheter, for example to the extent that the 
stent assembly is effectively provided on the end of the 
catheter. 

Preferably, the catheter comprises a polymeric ma- 
35 terial, at least in the region thereof in which the stent 
assembly is located. Suitable polymeric materials in- 
clude polyolefins. The use of a polymeric material at 
least in the region of the catheter occupied by the stent 
assembly has the advantage of facilitating flexing of the 
^0 catheter, which can be particularly important in the distal 
region when it is to be steered through lumens in the 
body of a patient to deliver the stent to a desired loca- 
tion. 

The present invention will now be described, by way 
45 of example only, with reference to the accompanying 
drawings, in which: 

Figure 1 is an isometric view of a delivery device for 
use in a stent assembly according to the invention. 

so 

Figures 2 and 3 are side views, partially in section, 
through catheter assemblies comprising a stent as- 
sembly employing a delivery device as shown in 
Figure 1 , a stent and a catheter. 

55 

Figures 4 to 6 are (a) isometric views and (b) in sec- 
tion showing the discharge of a stent from the de- 
livery device. 
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Figure 7 is an isometric view of another embodi- 
ment of delivery device with a stent within it. 

Referring to the drawings, Figure 1 shows a delivery 
device intended for use in a stent assembly which also 
includes a stent. The stent can be formed from a nickel 
titanium shape memory alloy containing about 50.8 at. 
% nickel. The stent can have shape memory properties 
imparted to it by an expansion step in which it is expand- 
ed transversely from its configuration as machined, for 
example using one or more mandrels. The amount of 
expansion will depend on the degree to which the stent 
is required to deform elastically for insertion into a lumen 
and then to expand elastically into contact with the lu- 
men, and optionally to expand it. The nature of the treat- 
ment of the stent to give it appropriate elastic properties 
will be apparent to a person skilled in the art. An appro- 
priate technique can comprise a combination of one or 
more expansion steps (for example using drawing or 
swaging, especially using one or a plurality of mandrels) 
which result in cold working the alloy. After the or each 
cold working step, the alloy can be subjected to a heat 
treatment while restrained in the configuration resulting 
from the cold working step at a temperature that is less 
than the recrystallisation temperature of the alloy. As a 
result of the cold working and heat treatment steps, the 
stent is capable of being deformed elastically to strains 
of upto about 8% or more. 

The stent is configured to facilitate its changes in 
configuration, involving transverse compression and ex- 
pansion, by being formed with a plurality of openings 
into it. The openings can be created by forming the stent 
from wire. Preferably, however, the stent is formed from 
a tube and the openings are created by cutting the tube, 
for example using a YAG laser operating in an atmos- 
phere of an oxygen/argon mixture. 

A stent which might be incorporated in the stent as- 
sembly of the invention might be made from a tube with 
an external diameter of about 2.5 mm and a wall thick- 
ness of about 0.25 mm. Longitudinally extending slits of 
length about 2.5 mm spaced about 0.6 mm apart can be 
cut in the tube in lines extending along the tube that are 
spaced about 0.2 mm apart around its circumference, 
the slits in one line being offset relative to slits in adja- 
cent lines. The width of each slit is about 0.15 mm. The 
length of the stent is about 15 mm. 

The delivery device 2 shown in Figure 1 is made 
from the same alloy as the stent. It too is formed from a 
tube by cutting a pattern into it. The pattern cut into the 
delivery device comprises a plurality of circumferential 
slots 4 extending through an arc of about 150° around 
the tube, each slot being offset circumferentially around 
the tube relative to the adjacent slot by about 90°. The 
orientation of the slots therefore alternates along the 
tube. 

The delivery device is 20 mm long and has a wall 
thickness of about 0.1 mm. 

Prior to use, a stent is compressed transversely and 



fitted into the delivery device 2 which prevents expan- 
sion of the stent during its delivery to a desired location 
in a body. The stent can be fitted into the delivery device 
in this way for example by means of a tapered sleeve 
5 similar to a funnel, by which the stent is compressed as 
it is forced through it. The assembly comprising the stent 
and the delivery device can be flexed easily, as a result 
in part of the openings cut into the stent and, in partic- 
ular, the delivery device. 

The stent can be delivered to a desired location in 
a human or animal body by means of a catheter passed 
along lumens in the body. Suitable catheters are often 
formed from polymeric materials which are flexible to 
enable them to negotiate junctions between the lumens 
and the tortuous pathways presented by the lumens. For 
many applications, the catheter will be constructed so 
that it is as flexible as possible, consistent with having 
sufficient longitudinal rigidity to be manipulated. 

As shown in Figure 2, a stent 32 with its delivery 
device 34 are positioned in a catheter 8, at the distal end 
thereof. The delivery device fits within the catheter, the 
end of the delivery device being flush with the end of the 
catheter. The use of a delivery device in the catheter can 
avoid deformation of the catheter by the stent as a result 
of the outward force exerted by the stent as it attempts 
to recover towards the configuration from which it was 
compressed transversely. This factor can be exacerbat- 
ed when the polymeric material for the catheter is se- 
lected for its flexibility since the desired flexibility can 
often be accompanied by softness. 

The stent is discharged from the delivery device and 
the catheter once the catheter has been directed 
through one or more lumens (such as blood vessels) to 
an appropriate location. The stent is discharged by ap- 
plication of force along the catheter, against the stent 
relative to the catheter and delivery device, generally as 
known for the discharge of stents from catheters. This 
can be achieved by means of a wire 10 which extends 
through the catheter, which has a plunger 1 2 on its distal 
end of appropriate dimensions to ensure that an axially 
applied force can be imparted to the stent. Preferably, 
the wire is formed from a shape memory alloy which has 
been treated so that it exhibits enhanced elastic prop- 
erties. 

In the construction shown in Figure 3, the delivery 
device 44 is provided on the end 49 of the catheter 48 
so that the stent assembly extends beyond the end of 
the catheter. The delivery device is located on the cath- 
eter by means of an adhesive. 

Figures 4 (a) and 4 (b) show in isometric and sec- 
tional elevation views respectively a delivery device 30 
of the type described above in relation to Figure 1 which 
has a stent 32 located inside it towards an end thereof. 
On application of axial force to the stent by means of a 
wire 33 extending through the delivery catheter and a 
plunger 34 (as in the assembly shown in Figure 2), the 
stent 32 can be discharged from the delivery device 30. 
Delivery of the stent from its delivery device is shown in 
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7. A stent assembly as claimed in claim 1 , in which the 
tubular member has a closed cross-section, at least 
over a portion of its length. 

s 8. A stent assembly as claimed in claim 1 , in which the 
delivery device is longer than the stent. 

9. A stent assembly as claimed in claim 8, in which the 
ratio of the length of the delivery device to that of 

10 the stent is not more than about 1.5. 

1 0. A stent assembly as claimed in claim 8, in which the 
ratio of the length of the delivery device to that of 
the stent is not more than about 1.2. 

75 

11. A catheter assembly for delivering a stent through 
a lumen in a human or animal body, which compris- 
es a catheter having a distal end and a proximal 
end, and a stent assembly as claimed in claim 1 that 

20 is located within the catheter towards the distal end 
thereof. 



Figures 5 (a) and 5 (b). As the stent 32 protrudes from 
the delivery device 30, it is released from the constraint 
provided by the delivery device and expands trans- 
versely. Figures 6 (a) and 6 (b) show the stent 30 com- 
pletely released from the delivery device 32, in its trans- 
versely expanded configuration. When discharged into 
a lumen such as a blood vessel, the discharged stent 
will attempt to recover outwardly towards the configura- 
tion shown in Figures 6 (a) and 6 (b), applying an out- 
ward force to the wall of the lumen. 

Figure 7 shows a delivery device 50 which has a 
stent 52 located inside it towards and end thereof. The 
delivery device has a helical slot 54 formed in its wall. 

Claims 

1 . A stent assembly which comprises: 

(a) a stent whose configuration can change be- 
tween a transversely compressed state for de- 
livery into a lumen in a human or animal body, 
and a relaxed state in which in use the stent 
contacts the lumen to support it, and 



12. A catheter assembly as claimed in claim 11, in which 
the catheter comprises a polymeric material, at 
25 least in the region thereof in which the stent assem- 
bly is located. 



(b) a delivery device which can be fitted to or 
within a catheter for delivery of the stent 
through a lumen, which comprises a tubular 
member formed from a shape memory alloy, 
the stent being positioned in the delivery device 30 
and constrained by it in its transversely com- 
pressed state. 

2. A stent assembly as claimed in claim 1 , in which the 
stent is formed from a shape memory alloy which 35 
has been treated so that it exhibits superelastic 
properties which are employed by the stent in its 
change of configuration between compressed and 
relaxed states. 

40 

3. A stent assembly as claimed in claim 1 , in which the 
difference between the A f temperatures of the 
shape memory alloys of the stent and the delivery 
device is less than about 20° C. 

45 

4. A stent assembly as claimed in claim 1 , in which the 
wall of the delivery device is configured to facilitate 
flexing of the tubular member in bending deforma- 
tion 

50 

5. A stent assembly as claimed in claim 4, in which the 
tubular member of the delivery device has at least 
one circumferential ly slot formed in its wall, extend- 
ing part way around the device. 

55 

6. A stent assembly as claimed in claim 1 , in which the 
tubular member of the delivery device has at least 
one helical slot formed in its wall. 
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